Cynodon dactylon (L.) Pers belongs to the family Poaceae is a grass native to North Africa, Asia and Australia and southern Europe. The phenolic fraction of Cynodon dactylon (Linn) (CDP) was evaluated for its cardio-protective activity using isolated frog´s heart perfusion method. The negative inotropic and chronotropic activities were recorded using kymograph. The CDP produced negative inotropic and chronotropic actions on isolated frog heart. The pharmacological effect was selectively inhibited by atropine indicating that these might have been mediated through muscarinic receptor.
Introduction
Cynodon dactylon (L.) Pers belongs to the family Poaceae is a grass native to North Africa, Asia and Australia and southern Europe. It has been used to treat urinary tract infection, calculi and prostatitis. The plant is astringent, sweet, cooling, demulcent, suppurative, haemostatic, depurative, vulnerary, constipating, diuretics and cardio-tonic [1] .
Various phyto-constituents of Cynodon dactylon are beta sitosterol, beta-carotene, vitamin C, palmitic acid, triterpenoids, alkaloids like ergonovine and ergonovivine, ferulic acid, syringic acid, vanillic acid and p-coumaric acid, furfural, glucose, fructose [2] . Others include β-sitosterol, triterpenoids, arundoin, friedelin, selenium, p-hydroxy benzoic acid and o-hydroxyphenyl acetic acids, cyanogenic heteroside, cyanogenic glucoside-triglochinin, furfural, furfural alcohol, phenyl acetaldehyde, acetic acid, phytol, β-ionone, mono and oligosaccharides, lignin, hydrocarbons (tritriaconate) esters, eicosanoic and docosanoic acids, free alcohol, free aldehydes (hexadecanal) and free acids (hexadecanoic acid) (surface cuticular wax), flavone like apigenin, luteolin, flavone glycosides-orientin (8-C-β -D-glycosyl luteolin), vitexin (8-C-β -D-glucosyl epigenin), iso-orientin (6-C-β -D glycosyl luteolin) and iso-vitexin-(6-C-β -D-glucosyl epigenin) [3] .
Various pharmacological activities includes, antibiotic [4] , has been reported earlier. The herb is commonly used in chronic diarrhoea and dysentery, epilepsy and hysteria, in catarrhal and ophthalmia [5] . Other pharmacological activities include coagulant [5] , antimicrobial and antiviral activity [6] , anti-cancer [7, 8] anti-inflammatory, anti-dysentery [9] , anti-diabetic [10] , immunomodulatory [11] diuretic [12] , cardiotonic [13] , styptic, hematuria and hemorrhoids.
Experimental

Plant
The whole plant of Cynodon dactylon were collected from Kandarvakottai, Pudukkottai district, Tamilnadu, India and dried under shade and coarsely powdered. The plant material was identified and authenticated at Centre for Advanced Research in Indian System of Medicine (CARISM), SASTRA University, Thanjavur, Tamilnadu, India and the specimen of the same is maintained.
Preparation of phenolic fraction
Accurately 5.0 gm of dry plant was weighed in a beaker. To this 125 ml of 1 N HCl was added. The mixture was soaked and maintained at 50 0 C for 30 minutes and at room temperature for 2 hours. The extract was filtered. To the filtrate, 50 ml of ether was added. The ether fraction was separated and allowed to evaporate. The concentrated fraction CDP obtained was used for the present study. The yield of fraction was calculated as 1% w/w.
Chemicals used
Atropine was purchased from Sigma-Aldrich, St. Louis, USA. Other chemicals such as Sodium chloride (NaCl), Potassium chloride (KCl) Calcium chloride (CaCl 2 ), Sodium bicarbonate (NaHCO 3 ), Sodium dihydrogen phosphate (NaH 2 PO 4 ), Glucose were procured from Hi-Media laboratory Pvt. Ltd, Mumbai, India.
Preparation of atropine
A stock solution of 1mg/ml was prepared using frog ringer solution. The following working concentrations were from the stock: 50µg/ml and 100 µg/ml of this concentration were added as muscranic antagonist against CDP.
Preparation of drugs for pharmacological activity
10 mg of CDP was dissolved in 1.0 ml of Frog Ringer's solution. A stock solution of 10 mg/ml was prepared with of frog ringer's solution. The following working concentrations were used from the stock: 1mg/0.1ml and 1mg/0.2ml of this concentration were added.
Animal preparation
An average sized frog was pithed and destroyed by passing a stiletto through the occipitoatlantic junction without causing any injury to its heart and associated blood vessels. The anterior chest wall was opened and a pericardiectomy was performed to expose the heart. The one end of the aorta, inferior vena cava was identified. A small cut inferior vena cava and a Syme's cannula was inserted towards the heart. A steady flow of the perfusion FrogRinger solution containing oxygenated, fluid of the following composition: NaCl 6.5, KCl 0.14, CaCl 2 0.12, and NaHCO 3 0.2, NaH 2 PO 4 0.01, Glucose 2.0 in gram per litre and the pH was adjusted to 7.20 by adding Na 2 HPO 4 [14] . It was perfused through this cannula and there was an opening in the cannula through which drugs could be injected by pushing a capillary tube attached to a syringe through an injection needle. A very thin hook was attached to the apex of beating heart, which was tied with a cotton thread. The other end of the thread was attached with the Starling heart lever so that the movements of the beating of the heart could be recorded on a smoked paper of a kymographic drum. The force of contraction was recorded and the rate of contraction was counted and tabulated [15] . All animal experimentations were carried out with the guidelines of Institutional Animal Ethics Committee (IAEC).
Statistical analysis
Values were represented as Mean ± SE. Significant difference was calculated using one way Analysis of Variance (ANOVA) using Duncan multiple range test. Values not sharing common signs were differ significantly at p<0.05.
Results and Discussion
The inotropic and chronotropic effects of isolated heart were recorded from apex of beating heart connected to a starling heart lever on kymograph paper. The normal rate of contraction of isolated heart was recorded after stabilization for 15 minutes. The different doses 2 mg and 4 mg of phenolic fraction of CDP were injected directly to the isolated heart along with perfusion. The graded doses of CDP decreased the cardiac flow rate, heart rate and force of contraction. (Table 1 and Fig.1 ). However, the maximum response was produced by 4 mg of CDP. Before adding CDP to the perfusate, atropine was added at the dose of 50 and 100 µg followed by CDP (2 mg).The CDP (2 mg) was partially blocked by 50 µg of atropine and fully blocked by 100 µg. The responses observed with 2 mg of the CDP after administration of the antagonists are shown in Table 1 and Fig 1. Contractility was measured as the mean height in mm of 4 cardiac contractions spikes and heart rate as the number of beats per min. In our previous study, GC-MS analysis of CDP revealed the presence of various compounds and it contains hydroquinine as the major compounds [16] . Values are mean ± SE (n = 6). Significant difference is calculated using one way ANOVA using Duncan multiple range test. Values not sharing common signs are differ significantly at p < 0.05. a,b,c -significant difference between sl. no. 1, 2 and 3, whereas, *, **, *** denote significant difference between sl.no. 2, 4 and 5, respectively. In our present study, CDP fraction produced a negative inotropic effect on the myocardium. The cause of the effect is attributed to the shortened action potential [17] . The effect of CDP may also be mediated via stimulation of nitric oxide synthase (NOS). NOS inhibitors may prevent the negative chronotropic effect of CDP on spontaneously beating cardiomyocytes and suppress the inhibition of the L-type calcium current (ICa) by CDP in sinoatrial myocytes. This pathway may be relevant not only to the chronotropic effect of CDP but also to its inotropic effect, because CDP, NO, and cGMP regulate the force of contraction and ICa in the cardiac ventricle [18, 19] .
Vasorelaxation is caused by three different mediators that includes, β-receptor antagonist, cholinergic receptor agonist and Endothelium derived relaxing factor (EDRF). Findings of the present research have revealed that the CDP fraction is able to act as a cholinergic receptor agonist thereby, able to cause vasorelaxation [20] . In order to evaluate whether the compounds present in CDP are responsible for the vasorelaxation, GC-MS analysis of CDP was performed which showed the presence of hydroquinone as a major compound [16] . Furchgott, [21] has explained that hydroquinone is able to inhibit EDRF and NO based relaxation in vascular smooth muscle. The mechanism of action of hydroquinone based inhibition of NO is either by acting as a free radical scavenger [22] or as a generator of superoxide anion [23] . Adrian et al., [24] have explained that hydroquinone is able to inhibit the NO dependent vasorelaxation. These findings reveal that CDP contains hydroquinone as the major compound, does not exhibit the vasorelaxation through NO. Richard et al., [25] have reported that vasorelaxation caused by EDRF is inhibited by left atrial injection of hydroquinone. They have also added the vasoconstriction caused by vasopressin was increased by hydroquinone.
We found that CDP have effect on the muscarinic agonist in isolated frog myocytes, In the presence of atropine CDP is not able to produce negative inotropic and negative chronotropic effect. In addition, these compounds have no beta-adrenergic stimulation or beta-adrenergic blocker. The CDP action is same like acetylcholine (Ach). Alfonsina [26] demonstrated that, well-known negative inotropism induced by Acetylcholine [20] , a biphasic inotropic response to exogenous ACh has been sporadically reported in both amphibian and mammalian hearts [27, 28] . More recent studies showed that the AChstimulated isolated rabbit heart releases nitric oxide (NO) [29] . ACh affects myocardial contractility via an NO signal transduction pathway. Thus studies related with the response of endocardial endothelium to CDP conducted in the whole working cardiac pump might provide more reliable information on the biphasic inotropic response sporadically found in amphibian hearts. We conclude that in an isolated and perfused frog's heart, CDP produces a negative chrnotropic and inotropic effects which are mediated by muscarinic receptor. This statement further confirms that the activity of CDP extract might be due to the other receptors.
Conclusion
The phenolic fraction of Cynodon dactylon exhibits negative inotropic and negative chronotropic activity. Moreover, the mechanism of action of the fraction is evaluated as muscarinic receptor antagonist and might be due to the presence of hydroquninone as the major compound. In future, the major compound of the fraction should be isolated and compared with the standard hydroquinone.
